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develop management alternatives, manage information, and develop useful 
products. 
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contains valuable information on the sediment loading and transport 
characteristics of the Illinois River, a river reach included within the Upper 
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under Strategy 1.2.2, Determine Effects of Sedimentation and Sediment 
Transport Processes on the Upper Mississippi River System Ecosystem, as 
described in the Operating Plan for the Long Term Resource Monitoring Program 
(USFWS 1992). Information about the review process for this report can be 
obtained directly from the authors. Support of other agencies to the work 
described here can be found in the text of the report. 
This report was originally published by the Office of Hydraulics and 
River Mechanics, Illinois State Water Survey, Champaign, Illinois, as Illinois 
Department of Energy and Natural Resources Report ILENR/RE-WR-93/01. 
Additional reprints may be obtained from the National Technical Information 
Service, 5285 Port Royal Road, Springfield, Virginia 22161. 
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Bhowmik, N. G., W. C Bogner, J. A. Slowikowski, and J. Rodger Adams 1993. 
Source monitoring and evaluation of sediment inputs for Peoria Lake. 
Office of Hydraulics and River Mechanics, Illinois State Water Survey, 
Champaign, Illinois. Illinois Department of Energy and Natural 
Resources Report ILENR/RE-WR-93/01. Reprint by U.S. Fish and Wildlife 
Service, Environmental Management Technical Center, Onalaska, Wisconsin, 
September 1993. EMTC 93-R016. 60 pp. (NTIS # PB 93-188472) 
iii 
Reference 
u.s. 	Fish and Wildlife Service. 1992. Operating Plan for the Long Term 
Resource Monitoring Program for the Upper Mississippi River System. 
Environmental Management Technical Center, Onalaska, Wisconsin, August 
1992. EMTC 9l-P002. 183 pp. 
iv 
ILENR/RE-WR-93/01 
Printed: February 1993 
Contract: WR 31 
SOURCE MONITORING AND EVALUATION OF SEDIMENT INPUTS 

FOR PEORIA LAKE 

Prepared by: 
Office of Hydraulics and River Mechanics 

Hydrology Division 

Illinois State Water Survey 

2204 Griffith Drive 

Champaign, IL 61820-7495 

Principal Investigators: 

Nani G. Bhowmik 

William C. Bogner 

James A. Siowikowski 

J. Roger Adams 

Prepared for: 

Illinois Department of 

Energy and Natural Resources 

Office of Research and Planning 

325 W. Adams, Room 300 

Springfield, IL 62704-1892 

Jim Edgar, Governor 
John S. Moore, Director State of Illinois 
Illinois Department of 
Energy and Natural Resources 
v 
NOTE 

This report has been reviewed by the Illinois Department of Energy and Natural Resources (ENR) and 
approved for publication. Statements made by the author mayor may not represent the views of 
the Department. Additional copies of this report are available through the ENR Clearinghouse at 
800/252-8955 (within Illinois) or 217/785-2800 (outside Illinois). 
Printed 	by the Authority of the State of Illinois. 
Date Printed: February 1993 
Quantity Printed: 400 
Referenced Printing Order: WR 
One of a series of research publications published since 1975. This series includes the following 
categories and are color coded as follows: 
Energy Resources -RE-ER -Red 

Water Resources -RE-WR -Blue 

Air Quality -RE-AQ -Green 

Environmental Health -RE-EH -Grey 

-RE-IP 	 -PurpleInsect Pests 

Information Services 
 -RE-IS -Yellow 

Economic Analysis -RE-EA -Brown 

Illinois Department of Energy and Natural Resources 

Office of Research and Planning 

325 West Adams, Room 300 

Springfield, Illinois 62704-1892 

217/785-2800 

vi 
ACKNOWLEDGMENTS 
This project was conducted by the authors as part of their regular duties at the Illinois 
State Water Survey. The Illinois Department of Energy and Natural Resources partially 
funded this project through research grant number SENR WR-31. Linda Vogt from ENR was 
the project coordinator when it was initiated in late 1988, and the project has been completed 
under the coordination ofENR Research Project Manager Ram Reddy. 
Partial support for this project was also provided by the Environmental Management 
Technical Center of the US. Fish and Wildlife Service, Onalaska, Wisconsin with Ken 
Lubinski as the Project Manager. 
The first year's field data were collected by Ron Bell. All the suspended sediment 
samples were analyzed by the Water Survey's Office of Water Quality Management, Raman K. 
Raman, Director. Mike Dernissie of the Office of Sediment and Wetland Studies reviewed the 
report and provided valuable comments. Kathleen J. Brown prepared the camera-ready copy 
of the report, John Brother prepared the illustrations, and Laurie Talkington and Eva Kingston 
edited the report. 
The authors also would like to express sincere appreciation to the US. Army Corps of 
Engineers and the US. Fish and Wildlife Service for supporting some staff time for this project 
as part of a research project on the Environmental Management Program for the Upper 
Mississippi River System. Funding was provided through the Environmental Management 
Technical Center of the US. Fish and Wildlife Service with Ken Lubinski as the Project 
Manager. 
vii 
CONTENTS 

Page 
AcknowledgIllents ...................................................................................................................... vii 

Table of Contents............................................... ........................................................................ i:x 

List of Figures ............................ ..................................... ................. ........ .................. .......... ..... xi 

List of Tables ............................................................................................................................. xii 

Executive Sununary ................................................................................................................... xiii 

1. 	 Introduction .............................................................................................................................. 1 

Study Objectives ................................................................................................................. 7 

Study Design ...................................................................................................................... 7 

2. 	 Field Data Collection................................................................................................................. 9 

Gaging Station Selection ..................................................................................................... 9 

Site Instrumentation ............................................................................................................ 9 

Data Collection ................................................................................................................. 17 

Climatic Conditions .......................................................................................................... 17 

Runoff.............................................................................................................................. 20 

3. 	 Data Management ................................................................................................................... 21 

Site Visit .......................................................................................................................... 21 

Gaged Site Files ................................................................................................................ 21 

4. 	 Data Analysis .................................................................................................... ., ................... 23 

Phase 1. Initial Review ..................................................................................................... 23 

Phase II. Detailed Analysis of Site Visit Data ................................................................... 23 

Phase III. Continuously Monitored Stations ...................................................................... 25 

5. 	 Station Analysis .................................................................................................................... ., 27 

Suspended Sediment Load ................................................................................................. 29 

6. 	 Delta Development and Gro\Vth ............................................................................................... 35 

Bed Load Analysis ............................................................................................................ 35 

History of Tributary Development ..................................................................................... 36 

Areal Gro\Vth Rates .......................................................................................................... 38 

Volumetric Delta Gro\Vth .................................................................................................. 44 

7. 	 Sediment Fluxes ...................................................................................................................... 47 

Quantification of Sediment Fluxes ..................................................................................... 47 

i:x 
Sununation of Sediment Fluxes .............................................. ........................... ................ 51 

8. Recommendations ................................................................................................................... 55 

9. Sununary ................................................................................................................................ 57 

References .... .................................................................................... ........................................... 59 

x 

LIST OF FIGURES 

Page 

L Drainage basin of the lllinois River above Peoria ........................................................ 2 

2. 	 Profile of the lllinois Waterway ..................................................................................3 

3. 	 Sediment deposits at the mouths of tributary streams 

in the Peoria Lake area of the Illinois River valley ....................................................... 5 

4. 	 Change in the area and capacity ofPeoria Lake 

from 1903 to 1985 .....................................................................................................6 

5. 	 Direct tributaries to Peoria Lake .................................................................................9 

6. 	 Operation ofa stage sequential sampler .................................................................... 10 

7. 	 Series of three stage sequential samplers ................................................................... 12 

8. 	 Instrument shelter and stilling basin .......................................................................... 13 

9. 	 Mounting bracket and instrument shelter open 

to show the direct logging instrument.. ..................................................................... 13 

10. Omni Data Easy Logger system at the Senachwine site ............................................. 14 

11. Paper chart showing the variability of stages 

for Blue Creek, June 27 to July 2, 1990 .................................................................... 15 

12. Relationship between annual water volume and drainage area 

for Peoria Lake tributaries ........................................................................................ 28 

13. Relationship between annual sediment load and 

annual water volume for the Peoria Lake tributaries ................................................. 30 

14. Relationship between annual sediment load and 

drainage area for the Peoria Lake tributaries ............................................................. 31 

15. Thirty-year record ofdelta growth at Richland Creek 

with 1939 and 1969 aerial photographs .................................................................... 36 

16. Thirty-year record of delta growth at Partridge Creek 

with 1939 and 1969 aerial photographs .................................................................... 37 

17. Thirty-year record ofdelta growth at Blue Creek 

with 1939 and 1969 aerial photographs .................................................................... 38 

18. Thirty-year record of delta growth at Funk's Run 

with 1939 and 1969 aerial photographs .................................................................... 39 

xi 
LIST OF TABLES 

Page 
1. 	 Tributary Streams Included in the Study ..................................................................... 2 

2. 	 Summary ofField Data ............................................................................................. 16 

3. 	 1987 - 1990 Precipitation Summary for Peoria and Chillicothe ................................. 17 

4. 	 Stage-Discharge Coefficients for Direct Tributaries .................................................. 22 

5. 	 Water Discharges and Suspended Sediment Loads Carried 

by the Peoria Tributaries in Water Years 1989 and 1990 ........................................... 23 

xii 
EXECUTIVE SUMMARY 
This report presents the results of a two-year field study of the sediment yield of the 
tributaries draining directly into Peoria Lake. Peoria Lake is the largest flow-through 
bottomland lake in the Illinois River valley, and it has been severely impacted by human 
development of the river and its watershed. These developments have included sanitary waste 
discharges from the Chicago area, Lake Michigan diversion, navigation improvements on the 
river, and agricultural drainage and levee work in the valley. 
Previous studies by Water Survey investigators and others have documented high 
sedimentation rates in Peoria Lake and in the bottomland lakes throughout the Illinois River 
valley. The most 'recent study by Demissie and Bhowmik (1986) estimated the relative 
significance of various sediment source areas to Peoria Lake, but noted limitations due to a 
lack qf{nformation on local tributary input to the lake, Even so, they estimated that on the 
average, 40 percent of the accumulated sediment in Peoria Lake originated in the 4 percent of 
the watershed area closest to the lake. The present study was designed to improve the 
understanding of sediment outflows from these small but very steep bluff'watersheds. 
Ten creeks with drainage areas ranging in size from 5 to 130 square miles and draining 
directly into Peoria Lake were monitored over a two-year period to determine water and 
sediment input to the lake. Gaging stations were established on each creek for weekly and 
event monitoring. Three stations were equipped with stage monitors. Samples of suspended 
sediment were collected manually and by instream nonmechanical automatic sampling systems 
on a weekly and event basis. 
Data collection was influenced by both drought and flood conditions. The first year of 
data collection was 1989, which marked the culmination of three consecutive years of below­
normal precipitation. In 1988 and 1989, precipitation was 68 percent of normal, severely 
impacting data collection for storm-related sediment loads. In 1990, numerous major storm 
events restored moisture conditions in the area and provided the primary data set for the study. 
Water and sediment discharges calculated for both 1989 and 1990 for each tributary 
reflect the climatic conditions for the two study years. Water discharges were low for 1989 
and near average for 1990. Discharges for 1990 ranged from two to six times the 1989 
discharges. Sediment discharges ranged from 5 to 30 times greater in 1990 than in 1989. 
These results closely matched existing regional relationships between water discharge, 
sediment discharge, and drainage area. 
The steep watershed slopes and sandy soil conditions of the area suggested that 
bedload would be a significant factor in the long-term sediment transport budget. This was 
corroborated by observed streambed reshaping during the 1990 storm events. No instream 
xiii 
¥ 
bedload monitoring was included in the study, although 40 years of aerial photography were 
used to document the development of delta deposits along the banks of Peoria Lake at the 
mouths of several creeks. Field observations of these deposits revealed fist-size and larger 
cobbles similar to materials observed on the creekbeds following storm events. 
Areal accumulations of up to 150 acres were observed\over the period 1939 to 1978. 
Individual creeks were found to contribute up to 71,500 tons of bedload per year, in addition 
to suspended sediment transport. Annual bedload transport could not be determined from 
available data but should normally be dependent on precipitation conditions and the intensity 
and duration of storms. Long-term areal formation of the deltas appeared to be related to 
changes in stream channelization and alignment conditions, original lake depth at the creek 
outlet, delta size, and proximity of the end of the delta to the thalweg ofthe river. 
The sediment fluxes to Peoria Lake were evaluated and compared for the two study 
years based on the project results, long-term records for the Illinois River, and the station 
analyses presented in the report. For 1989, a drought year, 25 percent of the sediments 
transported into Peoria Lake originated in the direct tributaries and 75 percent from the Illinois 
River. In 1990, numerous storm events increased the proportion of sediment input from the 
direct tributaries to 51 percent compared to 49 percent from the Illinois River. Thus, 25 
percent to over 50 percent of the annual sediment inputs to Peoria Lake can be expected 
from the 4 percent ofthe watershed that is discharging directly to the lake. 
Recommendations from this project include 1) reinstating and expanding the tributary 
monitoring program for at least five years .to reveal more detailed sediment transport 
characteristics under a wider variety of hydrologic conditions, 2) detailed monitoring of the 
Illinois River both entering and exiting Peoria Lake, and 3) a detailed lake sedimentation study 
of the lake. 
Also recommended and noted is the need for implementation of sediment control 
programs in the lake and in the direct tributary watersheds. A significant portion of the 
sediment inputs to the lake can be controlled by initiating sediment control programs on the 
450-square mile direct tributary watershed area without including the full 14,OOO-square mile 
nIinois River watershed. 
xiv 
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CHAPTER 1. INTRODUCTION 
The present channel of the lower Illinois River from Henry to Grafton, l11inois (figure 1), was 
originally the channel of the much larger Mississippi River. Th..is channel was further expanded by 
incidents of glacial outwash following the Wisconsinan glaciation (Willman, 1973). These two factors 
resulted in a preformed channel for the modem Illinois, which was oversized in terms of carrying 
capacity and very low in gradient (0.17 feet per mile). The result is a sluggish stream with numerous 
backwater lakes and an aggrading bed due to the river's inability to transport the sediment carried in by 
tributaries. 
In addition to these events and the natural morphology, human intervention has accelerated the 
sedimentation rate in the Illinois River valley. Early in the 1900s, the bottomland areas of the Illinois 
River were in fairly pristine condition (Bellrose et al., 1983). However, when the Chicago Sanitary & 
Ship Canal was opened in 1900 and a large amount of Lake Michigan water was diverted through the 
Illinois Waterway, the structure and morphometry of the Illinois River were permanently changed. Th..is 
new regime eventually increased the average water depth of the river, with an associated increase in 
sediment deposition within the floodplain. Then, during the period from 1909 to 1922, many drainage 
districts were formed, especially below Peoria, and the river lost most of its floodplain to agriculture. 
Starting in the 1930s, locks and dams were constructed along the river to maintain a minimum water 
depth sufficient for passage of barges with 9-foot drafts. The profile ofall the locks and dams along the 
Illinois Waterway is shown in figure 2. Th..is human intervention again permanently altered the river­
floodplain interaction. Many of the original marsh areas became open water areas, only to experience 
substantial sedimentation due to the slack water created by the dams. Moreover, starting around World 
War II, intense row cropping became common agricultural practice, altering land use and the land cover 
of the Illinois River watershed. Th..is change of land use substantially increased the gross erosion rate of 
the lIIinois River watershed. 
The Illinois River thus has experienced both natural and man-made alterations that have 
resulted in higher-than-average sedimentation rates. These alterations have been permanent in nature 
and would be difficult to reverse. Investigation and evaluation of these problems by Havera and 
Bellrose (1965); Lee and Stall (1976); Demissie and Bhowmik (1986, 1987); Bhowmik, Adams, and 
Sparks (1986); and Bhowmik and Demissie (1989) has shown that the river has changed drastically and 
that revitalization will require substantial monetary commitment. 
The majority of man-made lakes in Illinois are losing their capacities at the rate of about 0.5 
percent per year. Most of the backwater and bottomland lakes such as Peoria Lake have substantially 
higher sedimentation rates than most Illinois reservoirs. As of 1975, there were approximately 53 
backwater lakes along the Illinois River, with a combined surface area of 53,175 acres. Research 
results indicate that sedimentation of backwater lakes is not an isolated problem; rather, it extends all 
over the basin. Except for Peoria Lake, where recent sedimentation data have been collected (Demissie 
1 

WISCONSIN 
- ---- -­--­ -­ -.,---
INDIANA 
ILLINOIS 
SCALE OF MI LES 
o 10 20 30 40 50 
[ ! ! i ! ) 
Figure 1. Drainage basin of the Illinois River above Peoria 
2 

Mississippi River 
Alton Pool 
POOL 
\. Lock and Dam 
\ LaGrange Pool 
Marseilles Pool 
THALWEG'" 
Figure 2. 
Lake Michigan 578. 12 1 
Lockport Pool 
Brandon 
Road Pool 
-
Dresden 
Island Pool 
PEORIA 
320 
MI LES ABOVE MOUTH 
Profile of the Illinois Waterway 
580 
....J 
w 
560 w > 
....J 
«540 w 
CJ) 
z 
520 « 
w 
~-500 w E 
> ::J 
o 'CO 
alCl480 
«Ol 
l- OlN w460 w 
u. 
z440 
z 
0 
420 I­
« 
>400 W 
....J 
w 

380 

3 

5 
'8I1d Bhowmik, 1986, 1987), no new data on the sedimentation rates of these backwater lakes have been 
collected since 1979 (Bellrose et al., 1983). However, an attempt was made on the basis of the old data 
to estimate the present capacity of IS backwater lakes and bottomland areas of the waterway (Bhowmik 
and Demissie, 1989). This analysis showed that many of the bottomland lakes may now be no more 
than broad, shallow-water wetlands, rather than appreciable water bodies. For all practical purposes, 
some ofthese should no longer be called backwater lakes. 
The continuing sedimentation problems within the river and throughout its backwater areas 
seriously threaten the viability of many of the developments along the river. Many areas have already 
reverted. to channeVmarsh systems. Peoria Lake, the primary object of this study, is a particular 
example of these problems. The largest and deepest bottomland lake along the river, Peoria Lake is 
unique among them in that it is a flow-through lake. This lake is the remnant of the much larger glacial 
river that used to occupy this valley. The shifting of the old glacial river resulted in a sluggish flow, 
which could no longer transport the sediment delivered by its tributaries. Two of the main tributaries of 
the lake, namely Tenmile Creek and Farm Creek (figure 3), have deposited an enormous amount of 
sediment in the lake, almost choking it at these two locations. The sediment deposited by Tenmile Creek 
has effectively divided Peoria Lake into two distinct basins, presently called Upper Peoria Lake above 
the mouth of Tenmile Creek, and Lower Peoria Lake between the mouths of Tenmile Creek and Farm 
Creek (figure 3). 
The suspected high sedimentation rates within Peoria Lake were investigated by Demissie and 
Bhowmik (1986, 1987) in a comprehensive manner. Their investigations showed that in 1985 the lake 
had lost 68 percent of its 1903 volume and that the average depth of the lake was less than 3 feet, 
compared to an average depth of 8 feet in 1903. A total of 92,000 acre-feet of sediment had 
accumulated within the lake since 1903. This progressive sediment deposition within Peoria Lake is 
illustrated in figure 4, which shows four cross sections at various locations. Also shown in this figure 
are the outlines of the 5-foot contour lines in 1903 and 1985. A quick look at those four cross sections 
and the 5-foot contour lines of 1903 and 1985 will show the severity of sedimentation problems within 
this lake environment. It is quite clear that in due course, the profile of the cross section shown for river 
mile (RM) 175 will look like the profile shown for RM 179, and so on do~ the river. 
The same research by Demissie and Bhowmik (1986, 1987) also postulated that about 60 
percent of the sediment deposited within Peoria Lake was delivered by the Illinois River, while the 
other 40 percent was contributed by the local tributaries. These estimates were based on data from the 
main stem of the Illinois River, ",ithout any instream sediment data from the local tributaries. Among 
the various recommendations (Demissie and Bhowmik 1986) was the need for a comprehensive 
monitoring program of the sediment sources to Peoria Lake to quantify the sediment contributed by the 
local tributaries. Subsequently, a research proposal "vas prepared by the Illinois State Water Survey 
and submitted to the Illinois Department of Energy and Natural Resources (ENR) for their 
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consideration. A research project was then funded by ENR, and this report summarizes the results of 
that research project. 
Study Objectives 
The major objectives of this project were: 
• 	 To determine the sources of sediment to Peoria Lake by collecting sediment samples from the major 
direct tributaries ofthe lake, and 
• 	 To evaluate sediment loads from local tributaries to guide planning for the best-management 
practices on the tributaries. 
Study Desip 
After the project was funded by ENR, a systematic procedure was developed and implemented 
to achieve the stated goals ofthis project. This study design consisted ofthe following items: 
• 	 Selection ofthe gaging stations to be monitored 
• 	 Installation ofgaging equipment and the initiation of a sampling protocol 
• 	 Collection of water and sediment discharge data at predetermined frequencies for periods without 
any storm activity 
• 	 Collection of an intensive amount of data during and after major storms 
• 	 Analyses of sediment and water discharge data to determine the water flow and sediment load into 
the lake 
• 	 Evaluation ofthe total sediment deposited within selected deltas to quantify the bed load discharge to 
the lake 
• Quantification of the tributaries' sediment load to the lake 
The following sections will elaborate on these study components. 
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CHAPTER 2. FIELD DATA COLLECTION 

Gaging Station Selection 
• 

Ten tributaries to Peoria Lake were selected for monitoring the sediment and water input to the 
lake. These tributaries are shown in figure 5, and their respective drainage areas are given in table 1. 
Each tributary was monitored on a weekly or daily basis (biweekly during winter months) depending on 
• streamflow conditions. Three streams were chosen for intensive monitoring: Blue Creek, with a 
• 
drainage area of 10 square miles (sq mil, Partridge Creek (drainage area 28 sq mil, and Senachwine 
• Creek (drainage area 85 sq mil. The Dlinois River was monitored initially at Peoria and Lacon. Accessibility during high flows is an important factor in all stream monitoring projects, but in this case 
all of the streams were readily accessible during storms. 
• 

Table 1. Tributary Streams Included in the Study 

Drainage area 
• 
Site number Name ofstream (sq mi) 
• 
1 Crow Creek 130.0 

2 and 3 Dry and Richland Creek 47.0 

4 Partridge Creek· 28.0 
5 Blue Creek· 10.5 
Funk's Run 5.4 
• 
7 Tenmile Creek 17.6 
8 Senachwine Creek· 85.0 
9 Dickison Run 7.9• 
6 
• 
10 Farm Creek 60.0 

Blalock Creek 2.8 

Unnamed tributaries 57.8 

Total study area 452.0 
• 
·Streams chosen for intensive monitoring 
• 
Site Instrumentation 
• 
Stage sequential samplers (SSS) were installed on each monitored tributary. These samplers 
are designed to collect a series of individual samples on the rising limb of the hydrograph. Figure 6 is a 
simplified illustration of the operation of a sampler. As the stream level rises above the intake nozzle, 
water rises into the outer leg of the intake and air is exhausted through the sample container and air 
• 
exhaust tube. As the stream level reaches the weir of the intake, the sample collection is started. As the 
water level reaches the crown, a siphon action is initiated and the sample bottle is filled to the indicated 
• 
fill level. The water level continues to rise into the exhaust tube until the exhaust port is submerged. At 
this point the circulation in the sampler system is blocked, and the sample intake process is complete. 
• 
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Figure 5. Direct tributaries to Peoria Lake 
(Demissie and Bhowmik, 1986) 
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Figure 6. Operation ofa stage sequential sampler 
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As the stream level recedes the tubes drain, but the sample remains intact due to the space 
between the bottle fill level and the inner end of the intake tube. Three or four of these samplers were 
installed at each tributary site (figure 7) with the weirs set at 0.5- or I-foot intervals and the sample 
intake set at 0.5 of the crown water depth. A more detailed discussion of the operation, advantages. and 
disadvantages of the samplers is presented in Guy and Norman (1970). 
The stage sequential samplers were subject to occasional damage due to vandalism and freezing 
of samples, which shattered the sample bottles. The SSS at site 7 on Tenmile Creek was most affected 
by vandalism and was abandoned temporarily during the winter of 1989-1990. Nevertheless, data 
collection continued at this site at all times. 
Gaging stations were established at Senachwine Creek near Chillicothe and at Blue Creek and 
Partridge Creek near Spring Bay. These stations were constructed and outfitted by mounting an 
instrument shelter on support brackets attached to either the bridge abutment or the rail (figure 8). An 
18-inch-diameter corrugated aluminum drainage pipe was supported vertically below the instrument 
shelter to serve as a stilling basin. Water-level recording instrumentation was then installed in the 
shelter (figure 9). 
Each of the water-level recorders is basically a float attached to a weighted tape that rotates a 
geared pulley on the recorder instrument. The Senachwine Creek station was monitored by a 
potentiometer attached to an Omni Data Easy Logger (figure 10). This system converts the rotation of 
the monitoring wheel to a voltage differential that can be electronically interpreted by the data logger to 
units of stage in feet. Stage readings were made at one-minute intervals, and data were reported at five­
minute intervals. Each record included an instantaneous stage measurement as well as an average of the 
previous five measurements. Data records were stored on a storage pack that could be removed and 
returned to the office for direct downloading to a personal computer. 
The Blue Creek and Partridge Creek stations were both equipped with Stevens type F stage 
recorders. With these recorders, the rotation of the monitoring wheel also rotates a chart drum. 
Changes in stage were recorded as a trace on a paper chart (figure 11). 
The Partridge Creek station was timed by a battery-operated quartz clock operating on an eight­
day speed setting (the pen transverses the width of the chart in an eight-day period). This clock ran on a 
constant cycle. 
The Blue Creek station was originally timed by a spring-driven clock with two-day gears (pen 
traverses the width of the chart in a two-day period). This clock operated on a delayed system based on 
a water-level threshold. With the system in the cocked position, it does not run; once the weight of the 
float is floated, however, the clock is triggered and the system operates over the two-day chart period. 
Due to mechanical difficulties, an electric clock was installed in this recorder in 1990 and operated on 
an eight-day speed setting. 
12 
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Figure 7. Series of three stage sequential samplers 
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Figure 8. Instrument shelter and stilling basin 
Figure 9. Mounting bracket and instrument shelter open 
to show the direct logging instrument 
14 
Figure 10. Omni Data Easy Logger system at the Senachwine site 
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Figure II. Paper chart showing the variability of stages for Blue Creek, 

June 27 to July 2, 1990 
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nata Collection 
Weekly. The weekly monitoring was planned to define low-flow conditions for the small 
tributaries and the Illinois River. On each trip, all tributaries were observed and monitored if flowing. 
Measurements included water discharge, water temperature, stage, and suspended sediment 
concentration (by collection ofa dip sample). 
Event. Event monitoring was planned to measure water and sediment discharges at an intensive 
level during periods of high streamflow. The emphasis of this high-flow monitoring was on the 
tributaries, due to their flashy nature. The following operating procedures were instituted. 
Events were signaled in several different manners, such as observation of high discharges 
during a weekly monitoring trip, National Weather Service reports of heavy rainfall in the Peoria area, 
or contact with a local observer. 
High discharges were monitored intensively by one or two technicians. A team monitoring an 
event cycled around the lake collecting velocity and suspended sediment samples, water temperature, 
and stage at each tributary site. 
Table 2 presents a summary of data collected for this project. From October 1988 to 
November 1990, 1,486 site visits were made, 1,725 water samples were collected, and 643 water 
discharges were measured. 
Table 2. Summary ofField Data 
Site number 
• 1 2 3 4 5 6 7 8 9 10 Totals 
•
•
• 
No. of visits 152 149 150 153 151 147 147 156 146 135 1,486 
No. of samples 273 99 162 227 91 83 215 275 142 199 1,725 
No. of stage sequential samples 15 18 13 18 18 12 25 32 19 33 203 
No. of discharge measurements 77 30 73 llO 33 31 104 90 38 77 643 
No. of days with flow 152 52 116 153 54 53 147 125 60 118 1,030 
No. of days with no flow 0 97 34 0 97 94 0 31 86 17 456 
Climatic Conditions 
II The Peoria tributaries project was initiated in the middle of a severe drought period for western 
II 
Illinois. At the time data collection for the project was initiated in October 1988, all of the streams in 
the study area were at extreme low flows - most were dry. Table 3 presents monthly precipitation, 
monthly precipitation deficits, and 24-hour rainfalls of more than 1 inch during the 1987 to 1990 period 
at Peoria and Chillicothe. 

The three fall months of.1988 were moderately wet, with rainfall totaling 7 to 10 inches. The 

next 12 months saw a continuation of the drought conditions, resulting in a 12-inch deficit for the 1989 
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Table 3. 1987 - 1990 Precipitation Summary for Peoria and Chillicothe 
CHILLICOTHEPEORIA 
Monthly Monthly PreciQitation events in 24 hrs Monthly Monthly Precieitation events in 24-hrs 
precipitation surplus 1 inch 2 inch 3 inch precipitation surplus 1 inch 2 inch 3 inch 
(inches) (inches)(inches) (inches) 
Annual 
40.02 4.861986 37.44 2.55 
1987 
1.25 -0.26Jan 1.49 -0.11 
0.00 -1.33Feb 0.84 -0.57 
2.46 -0.28Mar 1.98 -0.88 
1.51 -2.38Apr 1.84 -1.97 
3.53 -0.24May 1.69 -2.15 
2.24 -2.11Jun 3.27 -0.61 
1.19 -2.90Jul 2.90 -1.09 
10.00 6.84Aug 4.02 0.63 
2.31 -1.29Sep 1.62 -2.01 
0.65 -1.95Oct 0.73 -1.78 
...... 3.25 1.1100 Nov 2.88 0.92 
4.33 2.36Dec 4.15 2.14 

Annual 

32.72 -2.441987 27.41 -7.48 
1988 
1.92 0.41Jan 1.99 0.39 
0.79 -0.54Feb 0.71 -0.70 
2.63 -0.11Mar 2.83 -0.03 
1.93 -1.96Apr 1.59 -2.22 
1.30 -2.47May 1.68 -2.16 
0.70 -3.65Jun 0.60 -3.28 
0.26 -3.83Jul 0.33 -3.66 
2.24 -0.92Aug 2.11 -1.28 
1.66 -1.94Sep 2.82 -0.81 
0 3.10 0.49 I 0 0Oct 1.08 -1.43 0 0 O· 4.21 2.07 I 0 0Nov 4.19 2.23 0 0 
0 0 2.46 0.49 0 0 0Dec 2.23 0.22 I 

Annual 

1988 22.16 
-12.73 23.20 -11.96 

- -
_J
-.----~ ~ 
- - - - - - • • • • 
Table 3. Concluded 
PEORIA CHILLICOTHEMonthly Monthly Precie.itation events in 24 hrs Monthly Monthlyprecipitation PreciQitation events in 24-hrs surplus J inch 2 inch 3 inch precipitation surplus J inch(inches) (inches) 2 inch 3 inch (inches) (inches) 
1989 

Jan 1.00 
-0.60 0 
 1.34 
-0.17 0Feb 1.17 
-0.24 0 0 
0 
0 
0 0 0 
1.18 
-0.15 0Mar 1.14 
-1.72 0 0 0 00 0.49 
-2.25 0 0Apr 4.39 0.58 I 
.0 00 3.39 
-0.50May 2.23 
-1.61 0 0 0 
2 0 02.92 
-0.85Jun 0 0 01.28 
-2.60 0 0 0 1.49 
-2.86 0Jul 2.22 
-1.77 0 0 0 
0 0 
1.85 
-2.24 0Aug 2.86 
-0.53 I 0 0 00 4.06 0.90 ISep 2.87 
-0.76 0 0 I 0 Oct 0 7.89 4.29 3 21.57 
-0.94 0 0 00 1.28 
-1.33Nov 0.93 
-1.03 0 0 0 
0 0 0 
0.92 
-1.22 0 
...... 
Dec 0.87 
-1.14 0 0 0 0 
\0 0 0.92 -1.05 0Annual 0 0 
1989 22.53 
-12.36 2 0 0 27.73 
-7.43 6 3 0 
1990 
Jan 1.73 0.13 I 0 0 1.45 
-0.06 0 0Feb 3.59 1.18 2 0 00 3.38 2.05Mar 3.95 1.09 I 0 00 4.26 1.52Apr 2.32 
-1.49 0 
I 
0 
0 
0 
I 0 01.80 
-2.09 I 0 0May 6.19 2.35 2 0 0 7.24 3.47 2Jun 7.99 4.11 2 I 0I I 10.91 6.56 4 IJul 9.18 5.19 5 0 I0 4.67 0.58Aug 5.31 1.92 I I 0 I 0 03.53 0.37Sep 1.03 
-2.60 0 0 0 
I 0 00.85 
-2.75 0Annual 0 0 
1990 14 2 10 2 
calendar year in Peoria and a 7.5-inch deficit in Chillicothe. A freak thunderstonn system that hit the 
northern half of the study area in September 1989 accounted for 5 inches of the difference between the 
deficits. 
The seven-month period from February to August 1990 broke the drought cycle. This period 
saw the expected monthly precipitation exceeded in all but one month. May, June, and July saw more 
than 23 inches of precipitation at Peoria and not quite 23 inches at Chillicothe, exceeding the total 1988 
or 1989 precipitation at Peoria and equaling total 1989 precipitation at Chillicothe. Each of these 
stations received 2.5+ inches ofprecipitation from at least three stonn systems. 
Runoff 
Runoff conditions have approximately paralleled precipitation conditions. The hot, dry summer 
conditions of 1988 had placed extreme demands on soil moisture and the water table. Six of the ten 
streams monitored during the study were completely dry in October 1988. Funk's Run and Dickison 
Run did not run at aU until fall 1989. Senachwine Creek saw some flow from snowmelt over frozen 
ground, but nothing significant until a stonn in early June 1989, after which the creek bed was dry again 
two weeks later. When Richland Creek was observed to have flowing water, a quick walk 1,000 feet 
downstream showed a dry bed, indicating the high infiltration and evaporation during this time period. 
The stage recorded at Senachwine Creek by a data logger in spring 1989 showed extreme 
variability. A direct, outside measurement indicated that the stream level was much higher than levels 
in the stilling basin, an indication that the streambed was absorbing the streamflow. 
With the exception of a stonn in the northern half of the study area in early September 1989, 
there Vilas effectively no flow in any of the streams until February 1990. Spring and summer of 1990 
were quite the opposite as far as precipitation is concerned, compared to the first 16 months of the study 
period. Numerous extremely strong precipitation systems moved through the area, dropping surplus 
precipitation of 9 to 12 inches during the period January to September 1990. 
These intense precipitation periods resulted in numerous major runoff events. Senachwine 
Creek, which was completely dry for 5 of the first 12 months of the project period, experienced five 
events in which the creek carried more than 10 feet of water at peak. Data indicated that at this stage 
the stream discharge was nearly 10,000 cubic feet per second (cfs). 
While the first 15 months of the project provided several interesting insights into the subject of 
drought hydrology of sandbed streams, they also effectively postponed the start of the project by one 
year. Very little data could be collected that could aid in the primary project goal of evaluating 
sediment loads from the direct tributary watersheds of Peoria Lake. 
The high-water extremes of 1990 provided much more effective data for this analysis, but the 
project was still limited to one year's data and, more importantly, to one year's experience on these 
streams. 
20 
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CHAPTER3. DATA MANAGEMENT• 
Site Visit 
Data collection for each site visit was organized by preparing a set of standard data worksheets 
• 
to be filled in with data values. Three data sheets were used on a regular basis: two standard Water 
Survey fonns for discharge measurement and sediment sample collection and a form specifically 
designed for collection of site visit data. 
• Data from the field data sheets were transferred in the office to spreadsheet format using Lotus 
•
• 
Symphony. The site visit sheet was transferred to a spreadsheet file named PTLOGn, with n 
representing the site number. Thus data for each site were maintained in an individual file. In addition 
to being entered on the site visit spreadsheet, sediment sample data were also entered in a separate file 
named PTSED. PTSED contained information on all samples collected as part of the project. Each of 
these samples is numbered consecutively with a prefix to identify it by project and site number, e.g., 
• 

PT5-0979 was collected at site 5, Blue Creek, and was the 979th sample collected for the project. 

Gaged Site Files 
Each of the gaged sites (sites 4, 5, and 8 as shown in figure 5) is represented by an additional 
set of computer files containing the stage logs. These logs were originally collected over varying time 
periods depending on the time between site visits and the amount of data allowed to accumulate on a 
chart or data pack. 't 
Chart stage records were digitized to convert the pen trace to a set of digital values that could 
then be converted to date and stage. These files were analyzed on a monthly basis. Files were identified 
by project (PT), site (4 or 5), abbreviated month code (i.e., MAR for March), and year (88, 89, or 90). 
Thus PT5Feb90 is the stage data for Blue Creek site 5 for February 1990. 
Information from the data packs at site 8-Senachwine formed much larger data files. To work 
with these files on the computer, it was necessary to use semimonthly periods. The third digit in the file 
• 

name, 1 or 2, therefore represents the first or second half of the month. 

•
•
• 
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CHAPTER 4: DATA ANALYSIS 
•
• 
Analyses of the data were made in three phases. Phase I was an initial review of raw site data 
and preparation of review plots. Phase II included detailed analysis of site visit data, including the 
development of a stage-discharge relationship, generation of instantaneous discharge for each site visit, 
• 
• 
and determination of time-weighted water and sediment discharges for each station based on the site 
visit data. Phase m was an analysis of the water and sediment discharges using more detailed flow 
records developed from the logged stage records. 
• 
Phase I: Initial Review 
Data from the site visit logs were used to develop review plots of the sediment rating curve (Qw 
•
• 
vs QJ; the stage-discharge relationship (stage vs Qw); and chronologie plots of water discharge, 
sediment discharge, and sediment concentration during the project These plots were used to review and 
proof the data and as an initial review of the quality of the data. 
Phase II: Detailed Analysis of Site Visit Data 
The initial step in the phase II analysis of the site visit data set was the reference listing of the
• stage datums used at each site. The primary datum for stage measurement was the top of the post for the stage sequential samplers. Due to the consistent washout of the SSS posts during high flows, 
• numerous secondary datums were used to supplement the SSS stage. These secondary datums and the manual stage measurements from the continuous stage recorders were referenced to the SSS post to 
develop a consistent set of stage readings. 
Following the coordination of the stage readings, a stage-discharge relationship was developed 
for each station. Each set of stage and discharge data was analyzed using logarithmic linear regression. 
A datum adjustment factor was then added or subtracted from the stage measurements and adjusted 
until the calculated values most closely approximated the plotted data set. 
• 
This analysis was successful for all but one station. At PTl O-Farm Creek the height of the 
channel bed rese by 2 feet. This effectively invalidated any attempt at comparing stage and discharge 
over the life of the project. 
• 
In addition, at PT4 - Partridge Creek bed elevation changes caused a shift between the 1988­
• 
1989 discharges and the 1990 measurements. Since most high-stage events occurred in 1990, only the 
data collected after February 1, 1990, were use to develop the stage-discharge relationship. 
Stage-discharge relationship equations take the following form when developed from a log-log 
relationship:
• 
Q A (H+B)ID (1)w 
• 
where: 
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Qw =the instantaneous water discharge 

H =the stage 

m and A = derived from the regression analysis 

B = the scale offset factor 

Table 4 lists these coefficients for the stage-discharge relationship for each station. With the 
stage-discharge relationship, discharges could be synthesized for all site visits for which only a stage 
was measured. These synthesized values were then used for all site visits for which no discharge was 
measured. 
Table 4. Stage-Discharge Coefficients for Direct Tributaries 
Site m A B 
1 1.988 46.9 3.3 
2 2.457 10.9 2.5 
3 2.968 13.0 2.0 
4 6.632 0.0066 8.3 
5 5.889 1.14 14 
6 1.316 67.3 2.24 
7 4.111 8.93 3.1 
8 2.185 40.0 2.3 
9 1.753 35.5 2.4 
The following formulas were used to calculate cumulative water and sediment discharge 
volumes for each station using the site visit data: 
Q = 't {( Ti+1 - Tj _1) .} units (cfs-days) (2)
w i=l 2 ql 
units (tons) (3) 
where 
T = a date (days) 
q =the instantaneous 'water discharge (cfs) 
c = the measured sediment concentration (ppm) 
Note that values of q were measured values where available, or they were synthesized from the stage 
data when discharge was not measured. The sediment concentration, Cj,was always a measured value. 
The cfs-day is conveniently used to represent large volumes of water, especiaUy when average daily 
flow rates are given in cfs. One cfs-day is equal to a flow of one cfs for 24 hours or volumes of 86,400 
cubic feet, 1.9835 acre-feet, or 2,445 cubic meters. 
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Table 5 lists water and sediment discharges for each station for the 1989 and 1990 water years 
(October - September). These annual water and sediment discharges were determined based on the 
weekJy site visit data. 
Table 5. Water Discharges and Suspended Sediment Loads Carried by the Peoria Tributaries 
in Water Years 1989 and 1990 
Two-year 
Creek name Drainage J989 J990 average 
Site area Qw Qs QIDA Qw Qs QIDA Qs QIDA 
code (sq mi) (cjs-days) (tons) (tons/sq mi) (cjs-days) (tons) (tons/sq mi) (tons)(tons/sq mi) 
1 Crow 130.0 6,960 1,930 14.8 36,900 59,500 458 30,700 236 
2-3 Dry & 
Richland 47.0 1,530 7,080 151 8,170 55,600 1,180 31,400 667 

4 Partridge 28.0 2,710 7,410 264 6,720 35,700 1,280 21,600 770 

5 Blue 10.5 945 8,970 855 1,840 15,100 1,440 12,000 1,150 

6 Funk's Run 5.4 298 503 93.1 681 3,670 679 2,080 386 

7 Tenmile 17.6 4,050 2,010 114 8,640 32,200 1,830 17,100 971 

8 Senachwine 85.0 5,510 21,100 248 32,100 149,000 1,760 85,200 1,000 

9 Dickison 7.9 550 880 112 1,590 5,150 652 3,020 382 

Phase III: Continuously Monitored Stations 
Continuous-measurement gaging stations provided the opportunity to make a thorough analysis 
of water discharge and sediment discharge at PT4-Partridge Creek, PT5-Blue Creek, and PT8-
Senachwine Creek. 
Due to basic differences in the monitoring equipment used at these sites, preliminary processing 
of the data to derive date, time, and stage was quite different. Following this processing, each set of 
stage records was handled the same. 
Stage records for PT8-Senachwine were collected on storage packs by a data logger. The 
storage packs could be downloaded in the office directly to a computer and imported to Lotus spread­
sheets for analysis. Since these data were collected on five-minute intervals, the spreadsheet and 
computer memory limited processing to semimonthly data sets. 
Stage records for PT4-Partridge Creek and PT5-Blue Creek were collected on paper charts. 
Analysis of these records required that they first be digitized to an electronic format. Following the 
digitizing process, the records could be processed in a spreadsheet to determine date, time, and stage. 
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In the digitizing process, only selected points are given coordinates, usually on the basis of 
break points in the stage record curve. Subsequently, files for all three stations were analyzed in a 
similar fashion: 
• 	 The stage-discharge relationship for each station was used to determine water discharge for 
each data point. 
• 	 Measured sediment concentrations from site visits and from SSS samples were entered at their 
appropriate time or stage. Between each of these concentrations, a senes of prorated 
concentrations based on stage variability was entered to provide an estimate of sediment 
concentration for each data point. 
• 	 These synthesized water discharges and sediment concentrations were used as inputs to the 
cumulative discharge equations (equations 2 and 3) to determine event-based water and 
sediment discharges. 
Stage records generally were not analyzed if there was no event-type rise in the data. In 
general, it was determined that the weekly visit data were a better representation of low-flow conditions 
than the synthesized data. The stage-discharge relationship often did not accurately define low flows. 
At the beginning and end of an event hydrograph, there was usually a period that could 
reference only one measured concentration. This situation was corrected based on the available valid 
concentration data. The results of these event analyses were merged with the nonevent site visit 
analyses and discharge was estimated. 
During the process of analysis of the gaging station sediment discharges, it was noted that the 
analysis is extremely sensitive to variations in suspended sediment concentration. SSS samples used for 
analysis of the rising limb of the hydrograph tended to have extremely high concentrations. The last of 
these rising limb samples was never prorated beyond the peak of the stage hydrograph, since in most 
sand-bed streams the sediment concentration curve rises rapidly with increasing stages. 
A comparison of the weekly sampling and more detailed sampling, such as daily measurements 
will show that the weekly measurements could underestimate the water discharge for most flows and 
sediment discharge during high flows. It thus should be noted here that detailed data collection during 
the high-flow periods is needed to arrive at a better definition of sediment transport during storm events. 
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CHAPTERS. STATION ANALYSIS 
The drainage areas of the ten creeks where sediment data were collected range in size from less 
than 10 to as much as 130 square miles. Each of these creeks originates above the bluff area and drops 
in elevation by as much as 300 to 350 feet within a short distance. This drop in elevation within such a 
short distance is associated with a steep stream gradient, which increases erosive capacity. Some 
comments on each of these streams will now be presented before a generalized analysis of the sediment 
loads are given. 
Prl-Crow Creek. Crow Creek had flowing water throughout the project. Due to its large 
drainage basin (130.0 sq mi) and wetland~type buffers, this has been one of the most stable sites. It has 
constant flow, and reaction to rainfall has been slow with steady rates of rise and fall. 
When high flows have occurred, the SSS post has been washed out several times. Bed changes 
have been apparent following high flows, but the banks near the monitoring station have been stable. 
PT2-Dry Creek. Dry Creek was dry for all low-flow periods. Presumably, baseflow from its 
small drainage basin is insufficient to maintain a surface flow over a permeable sand bed. In several 
documented cases, local field runoff was the only factor in inducing flow through the site. Reaction to 
rainfall is rapid once the runoff threshold is exceeded. 
When high flows have occurred, the SSS post has been washed out on a regular basis. Bed 
changes have been apparent following high flows, but the banks near the monitoring station have been 
stable. 
Pr3-Richland Creek. Richland Creek was dry or carried insignificant flows during low~flow 
periods. For a time in late 1989, flows through the gaging site disappeared into the bed several hundred 
yards downstream. Reaction to rainfall above the runoff threshold has been rapid and violent. 
When high flows have occurred, the SSS post has been washed out and significant bed and 
bank changes have followed. Upstream bank sections have suffered substantial erosion loss; in some 
cases more than 100 lateral feet of bank have been lost. The approach to an upstream bridge was 
washed out by lugh flows. 
Some remedial measures have already been instituted to control bank erosion on this creek, but 
additional action to control peak flows may be necessary to significantly reduce sediment loads. 
PT4-Partridge Creek. Partridge Creek had flowing water throughout the project. This site had 
stable bascflows but was highly reactive during runoff events. 
When high flows have occurred, the SSS post has been washed out on a regular basis. A major 
discharge event on June 20,1990, washed the gaging station's I8-inch by 20-foot corrugated aluminum 
stilling basin one mile do\\nstream and almost to the Illinois River. This same storm damaged the 
abutment of Lie bridge and threatened to wash out the approach. Significant bed reforming has been 
observed following high flows. Sandbars 2 to 3 feet high formed of fist-size cobbles have washed away. 
Available record.-; from the gage record include several high flows. 
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PIS-Blue Creek. Blue Creek was dry during all low-flow periods. The creek is flashy and 
carries large, coarse sediment loads. When high flows have occurred. the SSS post has been washed 
out on a regular basis. Bed changes are difficult to evaluate. A channel 100 feet long and 4 to 5 feet 
deep at its deepest point was dug by an adjacent owner to obtain sand. These holes remained unchanged 
from just after the start of the project in October 1988 until March 1990. During this time little or no 
flow was observed in the creek. Following one or two large flows, the area of the dredge channel was 
not discernible. 
The gaging records for Blue Creek were very good for all high flows. Some problems were 
experienced early in the project due to poor connection between the stream and stilling basin. Another 
problem encountered was the flooding of the stilling basin due to drainage from the bridge. These 
problems had been corrected by the time the first high flows occurred. 
PI6-Funk's Run. Funk's Run was dry during all low-flow periods. The creek is flashy but 
did not experience the extreme high stages seen at the other sites. Discussions with locals indicated that 
lower peak flows seemed to follow the construction of several small lakes within the drainage basin. 
This is the only site at which the SSS post was not washed out. No significant bed or bank 
changes were observed. 
P17-Tenmile Creek. Tenmile Creek carried flow throughout the study period. Sediment 
control structures at the Caterpillar proving grounds in the drainage basin provide some control at low­
to medium-flow levels but appear to be flow-through systems, particularly for extremely high flow 
rates. The stream is flashy once a fairly high runoff threshold is achieved. 
When high flows have occurred. the SSS post has been washed out or pushed over by the force 
of the stream and accumulated debris. The wide banks have been stable. The bed of the stream, which 
had been seriously disturbed by sand mining, has been washed smooth and filled. 
PI8-Senachwine Creek. Senachwine Creek Was dry for an extended period during fall 1988 
and summer 1989. Following recovery from the prolonged drought period, the creek has been very 
flashy during storm periods, rising 10 feet or more during 3- to 4-hour periods, then dropping 8 feet 
within 12 hours. 
During high flows, the SSS post has been knocked over by debris, but the flow appears to have 
overtopped the post so quickly that it did not wash out. Banks have been stable, and minor changes 
have occurred Ul bej form. 
PT9-Dickison Run. Dickison Run has been dry through most of the low-flow periods. 
Reaction to rainfall above the runoff threshold level has been very flashy. Overflow onto the road was 
common in 1990 when high flows occurred. Stage appears to have fallen as rapidly as it rose in all 
cases. 
During storm flows, the SSS post was washed out several times. Some bed changes occurred 
during high flows. but banks were stable. Following one medium to heavy rain, a front of shallow, very 
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turbid water was observed passing the work site over a previously dry stream bed. An event similar to 
this was described in conversation with a road worker at Funk's Run. 
PTIO-Farm Creek. Farm Creek was dry during most of the summer of 1989 but otherwise had 
continuous flow. Peak flows are flashy due to the large drainage area and the urban nature of the basin. 
High flows have often pushed over the SSS post. The bed at this site rose by 1.5 to 2 feet during the 
project period. The proximity of this stream to the East PeoriaIPeoria area has promoted its use as a 
sand mining source for construction interests. Continuing accumulation of sand on the bed made any 
attempts at developing a stage-discharge relationship useless. 
Bed load was not monitored for this site but appears to be high based on bed aggradation and 
continued sand mining. This basin has one branch with a detention basin to control flow and 
presumably sediment load. 
Suspended Sediment Load 
These analyses show the flashy nature of many of these tributaries and the low suspended 
sediment loads they carried in water year 1989. However, water year 1990 was a relatively wet year, 
and these creeks carried high suspended sediment loads at that time. An evaluation of these suspended 
sediment loads and water discharges will now be presented for both water years, as well as an analysis 
for average sediment loads for water years 1989 and 1990. 
Table 5 shows the suspended sediment loads, water discharges, and drainage areas for the ten 
tributaries that were monitored in water years 1989 and 1990. The suspended sediment loads and water 
discharges are given in tons and cfs-days, respectively, for each water year. These data were further 
analyzed to determine if a functional relationship could be developed between the annual sediment load 
and the annual water volume passing at all the tributary gaging stations. 
Research conducted at the llIinois State Water Survey by Bhowmik et al. (1986) has sho\\n that 
annual water volume and sediment discharge are related to the drainage area of the basin. Moreover, 
the average annual water volume also has a direct relationship to the drainage area of the basin. Thus 
functional relationships could be developed among these parameters, which can be used by managers to 
develop and implement management decisions for reducing sediment loads. 
Figure 12 shows the regression relationship between annual water volume Qw in cfs-days with 
drainage areas for water years 1989 and 1990. Data from some of the regional gaging sites are also 
plotted in this figure. Tile two regression equations for water years 1989 and 1990 are: 
1989: Q == 113(DA)0866 (4)w 
1990: Qw= 125(DA)L206 (5) 
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where Qw is the annual discharge in cfs-days and DA is the drainage area in square miles. The third 
regression line shown in figure 12 is for the regional values of average annual water discharges and 
corresponding drainage areas. Ten streams with U.S. Geological Survey (USGS) gaging stations were 
selected to develop this regional equation: 
Q =266 (DA)O.955 (6)w 
From this plot it is quite apparent that water year 1990 was probably close to an average year 
as far as regional streamflows are concerned. Thus the flows and suspended sediment loads estimated 
from flow and sediment records for water year 1990 will probably be closer to an average annual value 
than those estimated from 1989 data, which was essentially a drought year. 
Water year 1989 was a dry year. This is quite evident on the fitted line and the scatter of the 
data points. For water year 1990, most ofthe data points fall close to the fitted line. 
Functional relationships were also developed between annual sediment load in tons and annual 
water volume in cfs-days, as shown in figure 13. Again., the data for water year 1990 fit the regression 
line much better than the data for water year 1989. The regression equations for these two relationships 
are: 
(7) 

1990: = 19.0 QwO.831 (8)Qs 
It should be pointed out that any river basin, including smaIJ- to medium-sized tributaries such 
as those around Peoria Lake, mayor may not have standard gaging stations where discharge data are 
available. However, the drainage area of a basin can be determined easily from topographic maps. 
Thus functional relationships between annual sediment load and drainage area are much more valuable 
for practical use. These relationships for 'water years 1989 and 1990 are shown in figure 14, and the 
associated regression equations are given below . 
.It should also be noted that an average of the annual sediment loads for water years 1989 and 
1990 has been made, and a third equation between the Qs and DA has been developed. These are: 
1989: Qs =472 DAo.619 (9) 
1990: Q = 1005 DAl.012 (10)s 
Average: Q =690 DAo.963 (11)s 
Equation 11, which will give average values, could be used to determine the annual sediment 
load from the tributaries of Peoria Lake. Annual sediment loads estimated using the regression equation 
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given by Bhowmik et aI. (1986) for sediment yield area (SYA) 5, differ somewhat from those given by 
equation 11. However, equation 11 is based on the data collected from Peoria Lake tributaries. It Ishould be noted that SY A 5 generally covers a four- to five-county area on the east shoreline of the 
Illinois River, both upstream and downstream of the city of East Peoria. 
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CHAPTER 6. DELTA DEVELOPMENT AND GROWTH 
Bed Load Analysis 
The analysis of the bed loads of the tributaries is based on analysis of delta fonnations at the 
mouths of several of the creeks. These features have previously been recognized in the literature 
(Dernissie and Bhowrnik, 1986, 1987; Tri-County Planning Commission, 1968) but have not been 
analyzed quantitatively. These deltas range in size from less than 10 acres of new land to more than 
100 acres. Where these deltas form in back areas of Peoria Lake, they develop in textbook fashion, 
with the stream channel swinging from side to side to form a braided channel planform. Where the 
stream mouth flows into the main Illinois River channel, the river washes out the delta along the 
downstream bank, limiting the rate ofapparent growth. These deltas have been noted and used by local 
citizens for many years. Uses include sand mining, wildlife preserves, hunting, farming, and industrial 
expansion. 
The growth of several of these deltas was analyzed to determine the long-term accumulation 
rate of coarse sediments. The materials covered by this analysis may include some of the streams' 
coarse suspended load, but no attempt will be made to separate this fraction. The analysis was 
accomplished using historical mapping and aerial photography obtained from the U.S. Army Corps of 
Engineers (USACOE) and the U.S. Department of Agriculture-Agricultural Stabilization and 
Conservation Service (USDA-ASCS). The maps, photographic sets, and supportive infonnation 
sources were: 
• 	 The Woerrnann maps of the Illinois Waterway from Grafton to Lockport prepared from 1902­
1904 surveys conducted under the direction ofWoermann of the USACOE (Woerrnann, 1902­
1904). 
• 	 Aerial photography floM} under the direction of the USDA-ASCS for the years 1939, 1951, 
1957, 1963, and 1969. 
• 	 Orthophotometric mapping prepared by the Corps of Engineers from 1978 photography (U.S. 
Army Corps of Engineers, 1979). 
• 	 lnfonnation was also obtained from permit records of the Illinois Department of Transportation 
OD01). 
Initially, historical trends in the development of the deltas were studied based on the USDA­
ASCS photography and compared to Woerrnann's mapping. This review showed that prior to 1939, 
most of the creeks had been subject to minimal channelization and generally entered the lake at points 
other than their present positions. The following historical review was prepared to summarize this 
preliminary analysis. 
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History of Tributary Development 
To locate these deltas, refer to figures 3 and 5. 
Farm Creek-PTJO. Partially located within the industrial district of East Peoria, Farm Creek 
has been extensively modified within its lower reaches. The 1902-1904 Woennann map (Woermann, 
1902-1904) and a 1905 U.S. Geological Survey quadrangle map indicate that the outlet of Farm Creek 
was 0.25 mile south of the Franklin Street Bridge. 
In the late 1920s, a relief channel was built by the East Peoria Sanitary District to reduce 
flooding by the constricted main channel. This diversion channel was further modified in the late 1930s 
by the Sanitary District and in the mid-1950s by the Corps of Engineers. 
Aerial photography indicates that by 1939 the diversion channel had created obvious delta 
deposits at the outlet.. By 1963, the diversion outlet was shifted several hundred feet north during the 
construction of Interstate 74, and new delta growth was taking place. 
From 1963 to at least 1979, the delta developed in Lower Peoria Lake and was separated from 
the main channel by a naturally formed sandbar. In 1985, this older channel was blocked off and a new 
channel was flowing directly into the main channel. 
Tenmile Creek-P1'7. Centuries of sediment carried by Tenmile Creek were probably the major 
factor in forming the constricted narrows separating Upper and Lower Peoria Lakes. The 1902-1904 
Woennann survey noted the outlet of Tenmile Creek at the upper end of the narrows. The 1905 
quadrangle map shows the lower part of the creek to be straight and the outlet 300 to 400 feet 
downstream. 
The 1939 photography indicates that the outlet is again at the upper end of the narrows. 
Although no delta is forming due to direct discharge to the main channel, the 1939 and 1951 
photography indicate moderate sedimentation impacts along the eastern shore downstream, probably 
due to eddy currents. 
In 1963, the creek had been diverted 300 to 400 feet downstream, and a delta formation had 
started to move into the main channel. In 1969, the creek channel was bent to the south along the 
eastern bank. This led to obvious, though limited delta gro'wth downstream, which appears in the 1979 
and 1985 photographs. In 1985, the creek was discharging more directly to the main channel. 
Funk's Run-PT6. The 1902-1904 Woermann maps show no outlet for Funk's Run. The 1933 
quadrangle sheet indicates an outlet where Woermann ended the creek. This outlet is about 0.5 mile 
north (upstream) of the present outlet. 
In 1939, the creek outlet was in its present location. The channel does not look man-made, but 
delta growth is apparent. The 195 I photo indicates moderate delta growth following the downstream 
shoreline. The 1957 and 1963 photos indicate some channelization with relocation of the outlet across 
the delta. This delta grew very rapidly from 1957 to the present. In 1979 and 1985, the tip of the delta 
appeared to be working upstream towards the main river channel. 
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Blue Creek-PT5. The 1902-1904 Woennann survey and the 1933 quadrangle map both place 
the outlet of Blue Creek immediately west of Spring Bay. The 1939 photography shows no apparent 
channel, but it is presumed that no change had occurred. 
The 1951 photo shows the creek outlet near its present location. It does not appear to have 
been channelized, but delta growth is clear. 
In 1957, the creek was subjected to major channelization. The outlet was moved 700 to 800 
feet to the north. The older delta deposits appear stable and a new delta is fonning. The delta grew 
rapidly through 1963, and the channel appeared to be braided in 1963 and 1969. No major growth is 
apparent from 1963 to 1969. 
By 1979, a channel had been dredged across the delta and renewed growth is apparent. In 
1985, continued growth of this delta appeared to be limited by proximity to the main channel. 
Partridge Creek-PT4. The 1902·1904 Woennann maps show Partridge Creek flowing along 
the north side of Illinois Route 26 to discharge into the lake with Blalock Creek. The 1937 quad shows 
the creek following its approximate present course but with no well-defined outlet. The 1939 
photography shows a similar condition with no shoreline disturbance. 
Illinois Department of Transportation permit files indicate that a drainage permit was issued to 
the Partridge Creek Mutual Drainage District in 1948. By 1951, the creek had been channelized and a 
delta was developing. 
The 1957 photographs indicate a braided channel distributing sediment throughout the delta 
with very little areal growth. In 1963, the flow across the delta had been channelized and the delta 
shows new growth. This channel continued to grow through 1985 as the creek cut new channels and 
extended itself by branching into new areas. 
Richland-PT3, Dry Creeks-PT2. These creeks were originally separate with end points 
approximately one mile apart. The 1902-1904 Woermann survey indicated no distinct outlet for either 
creek. The 1937 quad shows Dry Creek diverted south to an outlet into the lake, but Richland Creek 
still shows no outlet. 
Channel change permits for Richland Creek were issued by IDOT in 1942-1943, and the 1951 
photos show the two creeks channelized, with a combined channel flowing into their current outlet. 
Delta growth was apparent in 1951, and a developed delta with vegetation and a braided outlet appears 
in 1957. In 1963, the delta had a defined channel and a large wooded area. Gro\\1h rates seemed to 
slow from 1963 to 1969, and the delta was fairly stable from 1969 to 1985. 
The delta developed in very shallow water depths, and its growth may have been halted by a 
combination of increased above-water-Ievel deposition and a change in water depth in the active growth 
area of the delta. 
Crow Creek-PTI. The channelization of Crow Creek occurred sometime between Woermann's 
survey and the preparation of the 1937 quad. This channelization may have corresponded to the 
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replacement of the Santa Fe Railroad bridge. The original channel of Crow Creek would have been 
under portions of the replacement causeway. 
Due to its direct input of sediments to the river, there has been only minimal delta growth at this 
outlet. There are some indications of sediment accumulation on the left downstream bank, but the 
majority of sediments move directly to the lake. 
Senachwine Creek-PT8. Senachwine Creek is the only major direct tributary to Peoria Lake 
entering from the west side. The outflow of Senachwine is directly to the main channel, where sediment 
load is immediately entrained and carried into the lake. The only delta formation for this creek is an 
elongated bar paralleling the west bank and separating the creek from the river during low flow. 
The 1902-1904 Woerrnann survey indicates two outlets for Senachwine, one noted as Spring 
Branch., and the other as the present outlet. The main outlet has been channelized around the Santa Fe 
causeway and bridged by other transportation routes, but otherwise it seems to follow a natural line. 
Subsequent maps and photos show Spring Branch closed off. 
Other Direct Tributaries. Several other direct tributaries to Peoria Lake could be considered 
to have minor delta growth at their outlets (Blalock, Dickison, and Mossville Creeks), but they were not 
analyzed in detail due to their smaller sizes. All of these smaller tributaries will be subject to the same. 
controls on sediment load as the larger tributaries, i.e. watershed size, channelization, and proximity to 
main-channel flows. Due to their steeper slopes and flashier nature, the relative sediment inputs from 
these tributaries would probably be higher than those of the larger creeks. 
Areal Growth Rates 
Initial evaluations of delta growth rates were made using areal analyses of changes in land 
forms on aerial photographs for the years 1939, 1951, 1957, 1963, and 1969. These analyses indicated 
variability in rate ofgrowth tor the deltas. The variability of these rates is probably a factor of original 
water depth., stream channelization, drainage area parameters, and proximity to the main channel. 
Aerial photography analysis was begun for nine creek deltas. Several analyses were not 
concluded due to insignificant size~ one (Tenmile Creek) was not completed due to the influence of the 
main channel, and onc (Farm Creek) was not completed due to industrial development impacts. 
Completed analyses include: 
• Blue Creek 
• Partridge Creek 
• Richland Creek 
• Funk's Run 
• Dickison Creek 
Analysis began \\1th a tracing of the delta shape for each available year. Figure 15 shows an 
example of this prCY'....edurc for Richland Creek, using the 1939 and 1969 photographs The surface area 
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of these tracings was determined by digitizing the area between the 1939 water edge and that of 
succeeding years. In this analysis, it was presumed that no net erosion occurred on the delta and any 
negative change in area with time resulted from variation of the water level. For example, if the 1963 
water edge extended beyond the 1969 water edge, the 1969 water edge was presumed correct for 1963 
and 1969. Similar tracings and photograph sets are presented in figure 16 for Partridge Creek, figure 
17 for Blue Creek, and figure 18 for Funk's Run. 
Results of the analyses of the areal growth of these four deltas are shown in table 6. It should 
be pointed out that the growth of these deltas was assumed to start in 1939, even though there were 
deltas at some of these creek mouths before then. The areal growth of the deltas was determined for the 
years 1939 through 1969, based on ASCS aerial photographs. The 1978 growth was determined based 
on the orthophotos available from the U.S. Army Corps of Engineers. 
A quick examination of table 6 indicates that through 1969, the Partridge Creek delta grew at 
the rate of about 3.1 acres per year (ac/yr), compared to 1.1 ac/yr for the Funk's Run delta. The 
Richland and Blue Creek deltas grew at the rate 00.4 and 2.1 ac/yr, respectively. 
From the results of table 6, coupled with an evaluation of historical facts, it appears that the 
following factors may have influenced delta grov.rth at these tributary and main river interfaces: 
• Changes in stream channelization/alignment 
• Original water depth/delta size 
• Proximity of the end of the delta to the navigation channel 
Table 6. Areal Growth of Tributary Deltas 
Site Drainage Area bey..ond 1939 shoreline (acresl 1939­
number Creek name area 1939 1951 1957 1963 1969 1978* 

3 Richland 47.0 0 20.3 78.0 100.5 100.5 157.5 

4 Partridge 28,0 0 2.6 65.4 93.0 94.0 125.8 

5 Blue 10.5 0 23.7 30.1 58.0 62.4 62.4 

6 Funk's Run 5.4 0 13.3 17.3 31.1 32.1 32.1 

"'From volumetric growth analysis (see below) 
. A change in stream gradient can initiate additional bed, bank, or watershed scour, increasing 
the sediment load in the stream. When delivered to the main channel, the additional sediment load 
carried by these triburaries would initiate the formation of new delta growth. Theoretically this process 
begins with changes in stream gradient and alteration of the base levels between the tributary and the 
mam nver. 
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The development ofthe delta is restricted by proximity to the main channel, since direct input of 
sediments to the faster moving water of the channel will result in continued transport into the main body 
of the lake. Several of the larger tributaries to Peoria Lake show little or no delta formation at all due to 
this factor. Examples are Senachwine Creek, with a direct input to the river upstream of Peoria Lake, 
and Temnile Creek, which enters at the narrows. Senachwine shows no apparent delta growth from its 
85-square-mile drainage area. Tenmile Creek shows only a deformed delta forced against the bank by 
the main channel flows. 
Volumetric Delta Growth 
A more extensive analysis was made of the volume of material deposited at each delta for four 
tributaries: Richland Creek-PT3, Partridge Creek-PT4, Blue Creek-PT5, and Funk's Run-PT6. This 
analysis was IT'.ade using comparative volumetric measurements from the 1904 Woermann survey and 
the 1978 USACOE orthophoto maps. 
The volume of deposited material for each delta was determined by laying out common lines on 
each map to define affected areas, digitizing the ground contours within the defined areas, and 
calculating the volume ofground above a datum elevation. 
The results of this analysis are presented in table 7 Accumulated sediment was converted to 
sediment load delivered to the lake in tons per year, assuming that the deposited sediments weigh about 
100 pounds per cubic foot Thus on an annual basis, Partridge Creek deposited relatively more 
sediment in its delta than did Richland Creek, even though the drainage area of Richland Creek is 47 sq 
mi, compared to Partridge Creek's 28. Assuming that the past rates of delta grov.th for these creeks are 
the same as under present conditions, it could be concluded that on a relative scale and compared to the 
suspended sediment loads shov.n in table 5 for water years 1989 and 1990, the deposits on these 
tributary deltas are almost as high as the suspended sediment loads carned by the streams. 
Table 7. Growth of Tributary Deltas, 1939 to 1978 
Accumulated volume 

Site number Creek name Drainage area (acre-feet) Tons per year 

3 Richland 47.0 858 47,900 

4 Partridge 28.0 1,280 71,500 

5 Blue 10.5 972 54,300 

6 Funk's Run 54 407 22,700 

During each intense rainstorm, almost all the tributaries were observed to be transporting 
tremendous amou.."1t.s cf sand and gravel as bed load. Most of these coarse-grained materials must have 
been deposited in the deltas of these streams. Thus it is quite feasible that many of these tributaries 
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could have carried bed loads in excess of the suspended sediment loads transported during the same 
period. Moreover, the data shown in table 7 are based on the average growth rate from 1939 through 
1978, and only the average deposition rates are shown. The rates of deposition may well have 
accelerated in recent years because of increased erosion from the streambanks, beds, and possibly from 
intensely row-<:ropped fields. Consequently, deltaic deposition rates in recent years could be higher than 
those shown in table 7. 
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CHAPTER 7. SEDIMENT FLUXES 
The objective of this study was to quantify sediment inputs to Peoria Lake from direct 
tributaries. Preceding sections have described the measurements of water and suspended sediment 
fluxes in ten tributaries and the measurement of the volume accumulated in four deltas. This discussion 
will attempt to put together the measured results of this project, estimates of Illinois River suspended 
sediment flux, and other components of a conceptual "sediment flux estimate" for Peoria Lake. 
The concepts of water and sediment input and output are adapted from water resources 
planning for man-made reservoirs. The basic concept is simple: the sum of inflows minus the sum of 
outflows equals the change in volume or mass in the reservoir. For any specified volume and time 
period, the amount of sediment deposited in a body of water is given by: 
(12) 

where Vs is the amount of sediment deposited and Qs is a sediment flux. The second subscripts are "i" 
for inflows and "0" for outflows. 
Major time-scale differences exist between components based on regularly measured sediment 
concentrations and water discharges and those components based on occasional measurements, such as 
delta volumes or lake sedimentation surveys. Ungaged tributary area contributions have to be based on 
regional relationships for average water discharge and annual sediment load. Short-term monitoring 
programs measure the results of a given period's precipitation pattern and runoff conditions. 
Quantification of Sediment Fluxes 
The best way to examine the sediment sources and the amounts of sediment each source contributes to 
Peoria Lake is to expand equation 12 and then examine each term. Thus equation 12 for Peoria Lake 
may be \Vlitten: 
.1Vs = I:Qsi - .I:Qso 
= QssIR ... QsbIR + i:Qsst + .I:Qsbt - QssIRP - QsbIRP (13) 
where QssIR is the suspended sediment from the Illinois River at Chillicothe; QsbIR is the sediment bed 
load from the Illinois River at Chillicothe; i:Qsst is the sum of the suspended sediment loads from local 
tributaries, including ungaged and unmeasured streams; .I:Qsbt is the bed load from all local tributaries; 
and QssIRP and QsbJRP are the suspended sediment and bed load, respectively, leaving the lake in the 
Illinois River at 
Illinois River at Chillicothe. The water and sediment fluxes from the Illinois River enter 
Peona Lake at nvcr m~k 18l, ncar the town of Chillicothe. For water years 1984 through 1986, daily 
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suspended sediment data were collected at Henry, river mile 196, by the U.S. Geological Survey. The 
daily water discharge and suspended sediment load data were used to develop a regression equation for 
sediment load in terms of water discharge for the three-year period of record (POR). This POR 
equation is: 
Qs =0.0163 Qw 1.225 (14) 
where Qs is the daily sediment load in tons and Qw is the average daily discharge in cfs. Summing the 
results of this equation for the days in a year gives an estimate of the annual sediment load. A 
correction factor based on Ferguson's method (1986) was applied to correct for the underestimation 
resulting from the regression on logarithmically transformed data. The average annual water discharges 
were 11,570 cfs for WY89 and 14,680 cfs for WY90, compared with the estimated average discharge 
of 14,000 cfs. The estimated suspended sediment loads at Henry were 744,300 tons in WY89 and 
988,000 tons in WY90. Adjustments for the ungaged 229-square mile tributary drainage area to the 
llIinois River between Henry and Chillicothe, as well as for sediment deposited in this 14-mile reach 
give suspended sediment inputs to Peoria Lake of 800,600 tons in WY89 and 1,218,000 in WY90. 
The second component in equation 13 is the bed load carried into the lake by the Illinois River. 
There are no measurements, and an estimate can be made only by using a conunonly quoted ratio of bed 
load to suspended load. Nakato (1981) notes that the Corps of Engineers commonly uses a ratio of 
about 0.1. Applying this ratio to the suspended sediment loads above, the Illinois River bed loads 
entering Peoria Lake were estimated to be 80,000 tons in WY89 and 122,000 tons in WY90. 
Tributary Suspended Sediment Inputs. Annual loads for water years 1989 and 1990 are 
taken from table 5 for the eight tributaries on which water discharge and sediment samples were 
collected weekly and during runoff events. However, some estimate of sediment inputs is needed for 
Farm Creek, Blalock Creek, and the ungaged, unnamed tributary area in table I. Long-term annual 
average suspended sediment loads are estimated using the method given by Bho\\milc et al. (1986). 
They detemlined II sediment yield areas (SY A) for the state of Illinois based on available instream 
sediment data and some lake sedimentation rate data. Linear regression equations for average annual 
sediment load as a function of drainage area were developed for each SY A. Later a regional average 
correction factor ba.')ed on Ferguson's correction (1986) for daily sedIment load regressions on 
logarithmically transfonned data were applied to adjust for the underestimation resulting from the use of 
this type of regression equation The direct tributaries to the Illinois River in the Peoria Lake reach are 
in SYA 3 on the west side and SYA 5 on the east side. The corrected equations fc)r average annual 
sediment load are 
(SYA 3) (15) 
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and QsA := 1510 DAo.83 (SYA 5) (16) 
where QsA is the average annual suspended sediment load in tons and DA is the drainage area in square 
miles. Long-term average annual sediment loads for the two named but unmeasured watersheds are: 
Fann Creek - 45,200 tons, and Blalock Creek - 3,500 tons. The total ungaged area is 57.8 square 
miles, but a study of the topographic maps indicates that about 12 small tributaries drain this area. 
Since equations 15 and 16 have strong variations in sediment load per square mile \\ith the size of 
watersheds, the ungaged area is assumed to have 12 equally sized subareas. Fann and Blalock Creeks 
are in SYA 5. As may be seen in figure 5, ahnost all of the ungaged area is on the west side, which is in 
SYA 3. Thus the SY A 3 equation was used to estimate the long term yield of sediment for the ungaged 
areas. 
Ine remaining step is to estimate the sediment inputs from these three unmeasured tributary 
areas during water years 1989 and 1990. In order to do this, long-term annual sediment loads were 
estimated by the same method for the eight tributaries whose loads were measured during the project 
period. The average ratio of measured to long-term average load for the eight tributaries was then used 
to estimate the sediment inputs from these three watersheds for each water year. The suspended 
sediment input from the total direct tributary area to Peoria Lake is thus given in table 8. 
Coarse Material Inputs. Several of the tributaries have clearly visible deltas. As described in 
the previous section, four of these were measured in the field and on aerial photographs from several 
years to determine a long-term rate of delta deposition. These delta measurements demonstrate a rate of 
deposition of coarse material in sand up to cobble-size ranges that is about the same magnitude as the 
suspended sediment contribution. In sediment transport, a distinction is made between bed material that 
moves in suspension or as bed load that rolls, slides, or bounces. Larger sized particles are moved by 
larger floods mth highly turbulent high-velocity flows. Thus the major portion of bed load transport is 
an event or intermittent process. Typically streambeds degrade during the rising portion of a flood and 
aggrade during the receding portion of the flood. Reworking of stream channel beds at several of the 
monitored tributary sites was observed follomng the significant runoff events in water year 1990. 
However, no bed load measurements were possible during these events. These measurements 
are extremely difficult to make and interpret under any conditions. The delta deposition rates provide a 
long-teml estimate of coarse material deposition for those tributaries mth visibly gromng deltas. It is 
likely that the other tributaries carry proportionate loads of coarser materials, even though there may not 
be a discernible delta. 
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Table 8. Suspended Sediment Influxes to Peoria Lake 
from Direct Tributaries (in tons) 
Stream QS' WY89 QS' WY90 
Crow 1,930 59,456 
Senachwine 21,100 149,348 
Richland and Dry 7,017 55,641 
Partridge 7,405 35,697 
Blalock 780 3,940 
Blue 8,974 15,085 
Dickison 880 5,148 
Funk's Run 503 3,665 
Tenmile 2,008 32,154 
Farm 9,880 50,200 
Ungaged area 40,000 203,000 
TOTAL 100,541 613,334 
Note: 	 Measured values from table 5 are given here. The total sediment loads shown in this table are 
accurate to no more than three significant digits. 
The regression equation obtained for delta deposition, D.1., in tons per year as a function of 
drainage area is: 
D.1. = 17,000 DAo.35 	 (17) 
A possible way to estimate coarse material, i.e., bed load, for individual years is offered by bed 
load transport formulas of the Schoklitsch type (Oraf, 1971): 
(I 8) 
where X is a coefficient dependent on the sediment characteristics and Qwcr is assumed to be much less 
than Qw' The long-term average bed load deposition in Peoria Lake was computed for each tributary 
using equation 17. The ratio of the water year discharges to the long-term average discharges computed 
with equation 6 was used as a multiplier to estimate the bed load input from each tributary during the 
project years. The estimated bed load values are 219,000 tons and 730,000 tons for water years 1989 
and 1990, respectively. 
Illinois River al Peoria. Depth-integrated suspended sediment samples were collected from 
one vertical in the center of the Franklin Street bridge at river mile 162.3 during the weekly data 
collection trips from October 1988 through August 1989. An adequate suspended sediment load 
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measuring program at the outlet of Peoria Lake was not possible within the constraints of this project. 
Thus it would not be appropriate to compute sediment loads at the Franklin Street location because of 
the incomplete sediment data and the need to transpose water discharge data from another station, such 
as the Illinois River at Henry. 
Deposition in Peoria Lake. The last major component in the sediment inflow-outflow analyses 
for Peoria Lake is the amount of sediment deposited in the lake each year. Demissie and Bhowmik 
(1986) gave a rate of deposition for the period between 1976 and 1985 of 2,000,000 tons per year. 
From 1965 to 1976 the rate of sediment accumulation was 1,500,000 tons per year. The average rate of 
sediment accumulation for the 20 years prior to 1985 is thus 1,700,000 tons per year. However, as 
mentioned in the introduction to this section, there is no way to determine the year-by-year rates from 
sedimentation surveys. Since these surveys are conducted at discrete times several years apart, the 
long-term average rate, or range of rates, can be estimated, but the amount of deposition cannot be 
estimated in any given year. 
Summation of Sediment Fluxes 
The last two paragraphs show that two significant terms cannot be determined for the project 
period. The preceding analyses have produced estimates of the sediment influxes to Peoria Lake for 
WY 1989 and 1990. This summation of measured and estimated sediment influxes can be compared 
with sedimentation rate estimates from the sedimentation survey analysis. The sediment influx 
components are summarized in table 9. 
The estimated components, especially the bed load based on the delta measurements and the 
ungaged tributary influxes of both suspended and bed load, have significant uncertainty. The regional 
equation used to estimate the suspended sediment input from the ungaged area is moderately sensitive to 
the size of individual watersheds. The value used here was computed as though the ungaged area of 
57.8 square miles contained 12 subwatersheds. The regression equation for delta or bed load in terms 
of drainage area is much more sensitive to changes in basin size. 
Data shown in table 9 can be used to make some generalized comments. Based on this 
information, it appears that in WY89 the Illinois River contributed about 75 percent of the sediment 
flo\ving into Peoria Lake. The remaining 25 percent of the sediment input to the lake was contributed 
by the local watersheds. However for WY90, which was approximately average as far as precipitation 
is concerned, the Illinois River contributed 49 percent of the sediment input to the lake compared to 51 
percent of the sediment inflow contributed by local watersheds. This analysis shows the variability of 
the sediment transport in streams and rivers and how these variabilities are interrelated with annual 
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Table 9. Sediment Inflows to Peoria Lake, tons 
Component 	 WY89 WY90 
Suspended load, Illinois R. 800,600 1,218,000 
Bed load, Illinois R. 80,000 122,000 
Suspended load, tributaries 100,541 613,334 
Bed load, tributaries 219,000 730,000 
Total 	 1,200,141 2,683,334 
Note: 	 Tributary suspended sediment loads are from table 8. The total sediment loads are accurate to 
no more than three significant digits. 
precipitation and runoff conditions. Thus it may be reasonable to assume that in an average year, 
sediment input to Peoria Lake is contributed equally by the Illinois River and the local watersheds - in 
spite of the fact that the local tributary watershed areas are only 3 percent of the total watershed areas 
of the Illinois River at Peoria. In wet years, the sediment inputs from the local tributaries will probably 
exceed 50 percent of the total sediment load. 
Other observations that could be made from this analysis relate to the bed load movement to 
Peoria Lake from the local tributaries. For WY89, these bed load contributions were 16 percent of the 
total sediment inputs, compared to 28 percent in WY90. However, among the direct tributary 
sediment loads to Peoria Lake, 65 percent were contributed by bed load and 35 percent by suspended 
load for drought year 1989, compared to 56 percent bed load and 44 percent suspended load for an 
average water year like 1990. It should be cautioned here that the bed load from the local tributaries 
was determined based on the long-term growth of the delta. Thus for any specific water year, the bed 
load movement mayor may not be equal to the long-term average annual bed load. 
Based on the data shown in table 9, another observation that could be made is that the sediment 
retained in Peona Lake in a drought year such as WY89 was probably less than the long-term average 
rate of 1.7 million tons given by Dernissie and Bhowmik (1986) for a 20-year period from 1965 
through 1985. However, for an average year such as WY90, the estimated sedimentation rate for 
Peoria Lake was probably a litt1e less than that given by Demissie and Bhowmik. 
This leaves the trap efficiency of Peoria Lake yet to be discussed. In reservoir design, the rate 
of sedimentation and the volume required for sediment storage in order to maintain the desired beneficial 
uses over the lifetime of the lake is estimated by using trap efficiency. Usually Brune's curve (Brune, 
1953) is used to estimate trap efficiency from the ratio of annual water inflow to reservoir volume. 
Dcmissie and Bhowmik (1986) gave values for the trap efficiency of Peoria Lake during different 
periods. The most recent value is 28 percent . However, this probably applies only to the finer 
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materials transported as suspended sediment. Materials larger than medium sand are probably 
transported as bed load and the trap efficiency may be nearly 100 percent . 
Without another sedimentation survey, with simultaneous measurement of Illinois River 
sediment influx and outflux, better estimation of bed load transport by the direct tributaries, and an 
investigation of the ungaged portion of the lake's tributaries, closure of the sediment inflow-outf]ow 
analyses for Peoria Lake is impossible. Data collection on the main stem and selected tributaries must 
be done simultaneously for a period of at least five years. The present project 'was seriously limited by 
the hydrologic conditions during the two-year period. Ten years is generally considered the minimum 
duration for a monitoring program to obtain data during a reasonable range of climatic and hydrologic 
conditions. 
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CHAPTERS. S~Y 
This report presents the results of a two-year study on the sediment yield of the tributaries 
draining directly into Peoria Lake. Research conducted at the Illinois State Water Survey has 
shown that Peoria Lake has lost about 68 percent of its 1903 capacity and that the local 
tributaries may have been contributing a significant amount of this sediment load. This project 
was undertaken to determine the magnitude ofthe sediment load delivered by the local tributaries to 
the lake. 
Ten tributaries were monitored on a weekly basis. Three of these ten tributaries were 
monitored intensively. Field data were collected for water years 1989 and 1990. However, WY89 
was an extremely dry year, and WY90 was a fairly wet year. This variability hampered data 
collection in 1989, since most of the streams were dry for most of the water year. However, all the 
data collected for both water years were synthesized to develop working functional relationships 
for estimating annual suspended sediment loads. 
Suspended sediment load analysis has shown that regression-type relationships can be 
developed between annual sediment load and annual water volumes or drainage areas of the basin. 
It was found that the relationship between the average annual suspended sediment load and the 
drainage areas closely resembles a similar relationship developed by Water Survey researchers 
several years ago. 
No bed load data were collected for this project. However, the deltas formed at the mouths 
of many of the tributaries were analyzed based on historical maps and aerial photographs. These 
analyses indicate that the tributaries discharging directly into the lake and whose mouths are not 
near the main channel or the sailing line have quite well-defined delta formations. Moreover, their 
geometrical and planform shapes are predictable. These deltas grew at the rate of 1.1 to 3.4 acres 
per year from i939 through 1969. 
The volumes of the sediment loads deposited within four of the deltas were also estimated 
based on comparative analyses of Woermann's 1904 map and 1978 orthophoto maps. These 
analyses have shown that the volume of sediment deposited within those deltas on an annual basis 
since 1939 could be as much as the suspended load carried by each tributary. Thus both the 
suspended sediment load and probably the sand-and-gravel bed load of the local tributaries are 
contributing significantly to the sedimentation of Peoria Lake. 
The amount of sediment entering Peoria Lake from the Illinois River and the direct 
tributaries was determined for the two years of this study. In the drought year of WY89, the 
Illinois River contlibuted 75 percent of the sediment, while the other 25 percent was contributed 
by the local tributaries. Bed load was 65 perCent of the total sediment load from direct tributaries 
in WY89. I1ns year is typical only of dry conditions. The distribution of sediment by sources in 
an average year like WY90 is much more representative of likely average sediment contributions. 
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In WY90 the Illinois River and direct tributaries each delivered about 50 percent of the total 
sediment entering the lake. The direct tributary load in WY90 was 44 percent suspended 
sediment and 56 percent bed load. In wet years, the sediment influx from direct tributaries will 
probably exceed 50 percent of the total. 
The inflow of sediment to Peoria Lake in WY89 indicated that the sedimentation rate in a 
drought year is less than the long-term average sedimentation rate in the lake as given by Demissie 
and Bhowmik (1986). At th~ same time, for an average year like WY90, the sedimentation rate in 
Peoria Lake was possibly a little less than the 20-year sedimentation rate of 1.7 million tons per 
year given by Demissie and Bhowmik (1986). 
Though estimates of sediment influx rates and distribution among sources have been 
improved significantly, several components are not available to complete an annual (or even a 
long-term) sediment budget for Peoria Lake. Only a more comprehensive program of longer 
duration can provide the necessary information. 
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CHAPTER 9. RECOMMENDATIONS 
The analyses and data presented in this report significantly enhance our understanding of 
the sedinu ..'tlt inputs to Peoria Lake. Even though not complete, these data still offer us an 
opportunity to evaluate the sedimentation problems of the lake and initiate appropriate corrective 
measures, just as postulated in the original sedimentation report on Peoria Lake by Demissie and 
Bhowmik (1986) 
For effi;;ctive control of sedimentation in Peoria Lake, sediment input control from the 
'watersheds must be initiated, along with in-lake sediment management practices. The results of 
this mvestiganon indicate that significant reductions can be made ill sediment inputs to the lake by 
reducing the sedim;~nt load from the local tributaries. It;s feasible to initiate sediment control 
programs on these local tributaries before controlling sedIment inputs from the much larger 
watershed of the lllmois River above Chillicothe. In-lake sediment management could include 
selective dredging, construction of artificial islands with dredged sediments, and construction and 
mamrenance of deeper ch.annels within the channel border areas. Tributary sediment control could 
include best-management practices on 'watersheds; constmction of grade control structures; 
stabilization of bank erosion Sites; and construction of sediment detention basins, wetlands, filter 
strips, and other sediment reduction techniques. 
Each Peoria Lake tributary is an individual system. The hydraulic, hydrodynamic, and 
hydrOlogic conditions of each tributary must be evaluated to detemune the best combination or 
combmations of protective measures for successful reduction of the excess sediment load from 
t.hese tributaries. Attempting to correct only one of the erosion factors \\111 probably lead to failure 
and may not show any reduction in overaH sediment input to the lake. Systemwide evaluation, 
analyses, and selection of appropriate protective measures for specific conditions are needed before 
corrective measures ar~ designed and implemented. 
'The drought conditiOns of 1988 and 1989 and the near-average conditions ofWY90 affected 
the sedImem loads as well as the water discharges. Two unique years of data are totally 
inadequat.e to cstimatl.: ;~ J.ong-tenn average of the amount of sediment entering the lake from local 
tributanes. Based on u.~t;~e factors and the extensive experience of the professional staff from the 
Water Sur.'ey on tn-stream sediment loads and reservoir sedimentation rates in Illinois, the 
folio\ving re.commendations are made for further investigation: 
1 . 	 Intensive sediment and water discharge monitoring of the tributaries of Pcoria Lake should 
be initiated and continued for at least five years in conjunction with measurements of 
and oUiflo\'. betw~::n the lake and the main stem of the Illinois River. 
A detaile~'l seiJimentatlon stuyey of all of Peoria Lake should be conducted. 
U;:J;"f,;(' 1..\1" in r:ems 1 and 2, a comprehensive sediment budget should be 
dcveloptd for .Pcuria Lake. 
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